ABSTRACT: Introduction: In this study we sought to clarify the effects of early fast-acting treatment (EFT) strategies on the time course for achieving the treatment target in generalized myasthenia gravis (MG). Methods: This retrospective study of 923 consecutive MG patients analyzed 688 generalized MG patients who had received immunotherapy during the disease course. The time to first achieve minimal manifestations (MM) or better while receiving prednisolone at 5 mg/day for 6 months (MMor-better-5mg) up to 120 months after starting immunotherapy was compared between EFT and non-EFT patients. Results: Achievement of MM-or-better-5mg was more frequent and earlier in the EFT group (P 5 0.0004, Wilcoxon test; P 5 0.0001, log-rank test). Multivariate Cox regression analysis calculated a hazard ratio of 1.98 (P < 0.0001) for utilization of EFT. Dosing regimens of oral steroids in EFT produced no differences in the time course. Conclusions: EFT strategies are advantageous for early achievement of MM-or-better-5mg.
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Long-term full remission without immune treatment is rare in myasthenia gravis (MG) patients, even though the frequency of patients with severe illness decreases during treatment. [1] [2] [3] [4] [5] Many MG patients are still burdened by both insufficient improvement and long-term side effects of oral corticosteroids. [3] [4] [5] [6] [7] Disease severity and the dose of oral corticosteroids are major factors that negatively affect self-perceived health-related quality of life (HRQOL) in MG patients. 5, 6 Steroid-associated depression has also been suggested to be a significant negative factor for HRQOL of patients. 5, 7 Therefore, greater effort is needed to reduce both the severity of the illness and the dose of oral corticosteroids. 5, 6 It is ideal but uncommon (<10% of total patients) for MG patients to achieve Myasthenia Gravis Foundation of America (MGFA) complete stable remission (CSR) 8 status. [4] [5] [6] The HRQOL of MG patients who achieve minimal manifestations (MM) 8 or better status on prednisolone (PSL) at 5 mg/day (MM-or-better-5mg) is good and at almost an identical level to those who achieve CSR status. 5, 6 Moreover, comparisons of the relationship between patients' HRQOL and clinical parameters of MG with the associated treatment have led to the proposal that achieving MM-or-better-5mg can be a practical treatment target. 5, 6, 9 By achieving an early return to such a state, MG patients are enabled to live a normal lifestyle without worry about corticosteroid complications. 6 Because the percentage of patients who achieve MM-or-better-5mg is not high (<50% of subjects in cross-sectional studies), changes in treatments are needed to further increase treatment success. 5, 6 However, studies on the use of longer treatments with a higher dose of oral corticosteroids did not identify better outcomes for MG patients. 10, 11 Therapeutic strategies have been reported that aggressively use non-oral fast-acting immunotherapies, such as plasmapheresis, high-dose intravenous methylprednisolone (HMP), and intravenous immunoglobulin (IVIg) in the early stages of treatment. 11 As these fast-acting therapies can be repeated as needed beginning in the early stages [early fast-acting treatment (EFT) strategies], this could possibly lead to earlier improvements with lower doses of oral corticosteroids, thereby potentially resulting in frequent achievement of MM-orbetter-5mg lasting at least several months. 11 In fact, in Japan, some neurologists are currently utilizing the EFT strategy to treat patients. 9 Recently, we conducted a survey of 923 MG patients and obtained detailed clinical information on their past immunotherapy regimen, past course of MGFA postintervention status, current immunotherapy, and present disease status. Using this database, we attempted to clarify whether utilization of EFT strategies would have an effect on the frequency and time course of achieving MM-or-better-5mg lasting >6 months in generalized MG patients.
METHODS
Patients. This survey was conducted at 13 neurological centers (Japan MG Registry Study Group; refer to Supplementary Table S1, available online) in Japan. We evaluated patients with established MG between April and July 2015. To avoid potential bias, we enrolled consecutive patients over a short duration (4 months). During this period, a total of 1,088 MG patients visited our hospitals. From this group we were able to collect fully detailed clinical data from 923 patients. Data collected included past treatment regimens starting from the early stages, disease status when at its worst, current treatment and disease status, and period from start of treatment to first achieving MM-or-better-5mg for 6 months (the treatment target). Among the 923 patients, 722 had generalized MG. From this group, 34 patients with mild disease who received no immune treatment during the study course were excluded, as they could not be classified as either EFT or non-EFT. Finally, a total of 688 generalized patients were included in this analysis (Fig. 1) . It should be noted that 263 of the 688 subjects had been included in our previous survey conducted in 2012.
6 Tables 1 and 2 list the clinical data for the subjects who received immune treatment with (n 5 249) and without (n 5 439) EFT strategies (Fig. 1) .
The diagnosis of MG was based on clinical findings (fluctuating symptoms with easy fatigability and recovery after rest) that included clinical improvement after intravenous administration of anticholinesterase, decremental muscle response to a 3-HZ train of repetitive nerve stimuli, or the presence of antibodies against skeletal muscle acetylcholine receptor (AChR-Ab) or muscle-specific tyrosine kinase (MuSK-Ab). Single-fiber electromyography was not performed systematically.
The ethics committees of each of the participating institutions approved the study protocols. Written informed consent was obtained from all patients who agreed to take part in the study.
Description of EFT and Non-EFT Strategies.
EFT. EFT was defined as the treatment strategy that attempted to achieve early MM status initially, even if long-term stability of the status could be provided, through aggressive use of fast-acting therapies such as plasmapheresis, often combined with HMP, HMP alone, or IVIg starting within 1 month of treatment initiation, with the improved clinical status maintained using the lowest possible dose of oral corticosteroids. 11 EFT was adopted among patients with varying disease severity, with MGFA classifications II-V. 8 For the EFT group, the fastacting treatment set generally consisted of 1 or 2 plasmapheresis sessions followed by HMP, which was performed by intravenous injection of 0.5-1.0 g methylprednisolone immediately after the plasmapheresis and often on the morning of the subsequent 1-2 days, partly with HMP alone or with IVIg, which was administered at a dose of 0.4 g/kg/day for 5 days.
After being admitted to our hospitals for the EFT procedure, patients were administered the fast-acting treatment set, as well as oral immune therapies. If there was insufficient improvement, the fast-acting treatment set was repeated until MM status was reached. After such treatment, patients were discharged from the hospital and followed up with the lowest possible dose of oral steroids. 11 If MM status could not be maintained or a dose increase of oral steroids was needed during follow-up, we recommended that patients undergo the treatment set again (during an additional hospital stay of 2-7 days). The fast-acting treatment set was also performed in the non-severe cases to achieve an early MM or better and to help reduce the dose of oral steroids. The frequencies of fastacting treatment and the doses given, along with the duration of oral PSL, are shown in Table 2 . HMP after plasmapheresis was omitted in some patients treated with plasmapheresis on high-dose oral PSL. Treatment with HMP alone was actually infrequent, but, when it was performed, 0.5 g/day of methylprednisolone for 1-2 days, a lower dose than used for other autoimmune diseases, was preferentially administered. As it was only 3.5 years from the approval of IVIg for MG by the National Health Insurance in Japan (i.e., since September 2011), the frequency of IVIg use was still low. In non-severe cases, HMP alone or IVIg were also performed in the outpatient department.
Non-EFT. Non-EFT mainly consisted of oral immunotherapy with oral corticosteroids. Non-oral fast-acting therapies, such as plasmapheresis, HMP, and IVIg, were only provided as treatment for patients in MG crisis or during an attempt to avoid crisis. Non-EFT also was used in patients with various disease severities (MGFA classes II-V). In the non-EFT group, various dosing regimens of oral steroids were used. Table 2 lists the frequencies of plasmapheresis, HMP, and IVIg, along with the dose and duration of oral PSL.
Non-Steroid Immunosuppressants. Attending physicians treated patients with non-steroid immunosuppressants in both the EFT and non-EFT groups. The only non-steroid immunosuppressants that have been approved for use by the National Health Insurance in Japan are calcineurin inhibitors (CNIs; cyclosporine and tacrolimus). In a few cases, azathioprine and mycophenolate mofetil were also used, but only rarely. Table 2 lists the frequency of CNI and azathioprine use in both groups.
Oral Steroid Dosing Regimens in Patients Treated with EFT.
Among patients who underwent EFT, there were at least 2 distinct types of dosing regimens used for the combined oral PSL (Table 3) .
EFT Combined with a Low-Dose Regimen of Oral PSL. In the patient group treated with EFT 1 the low-dose PSL regimen, improvements in MG symptoms associated with living difficulties were mainly due to the use of fast-acting therapy sets starting during the early stages of treatment, and the use of low-dose (10 mg/day) oral PSL as maintenance therapy (Table 3) . If symptoms once again worsened during follow-up, patients were readmitted for a shorter treatment period of 2-7 days, during which they underwent further fastacting therapy sets (1 or 2 times). In the majority of patients, it was not necessary to increase the dose of oral PSL. Patients treated with oral PSL 20 mg/day for >3 months were excluded from this category.
EFT Combined with a High-Dose Regimen of Oral PSL. In the patient group treated with EFT 1 the high-dose PSL regimen, MG symptoms associated with living difficulties were improved by both the fast-acting therapy sets and high-dose oral PSL. The oral steroids were often given using a doseescalation schedule until the symptoms sufficiently improved, or until a maximum dose of 50-60 mg/ day was reached. These treatments were maintained at the highest dose required, after which doses were tapered. Patients who underwent this treatment regimen often received >20 mg/day of PSL over a 1-year period (Table 3) .
Statistical Analysis. Differences between the 2 groups were evaluated using the Mann-Whitney Utest for continuous variables and the chi-square test for categorical variables. All continuous data are expressed as mean 6 standard deviation (SD) or as a range. The time course required to achieve the treatment target (MM-or-better-5mg for 6 months) during the period up to 120 months after starting immunotherapy was analyzed by the Kaplan-Meier method. The log-rank test and Wilcoxon test were used to compare the course between 2 patient groups undergoing different treatment strategies. Univariate and multivariate Cox regression analyses were performed to estimate the hazard ratios (HRs) and the 95% confidential intervals (CIs) of the treatment strategies and other clinical parameters associated with achievement of the treatment target, and for use in comparing the baseline cumulative hazard curves of the treatment strategies as a function of time (excluding the effects of other clinical parameters). Statistical analyses were performed using UNISTAT version 5.6 (Unistat, London, UK) statistical software.
RESULTS

Differences between the EFT and Non-EFT Groups.
Differences in Patients' Backgrounds. Table 1 shows a comparison of characteristics between EFT and non-EFT patients. Symptoms at the time the condition was at its worst (MGFA classification and observed bulbar symptoms) were significantly more severe, and the duration of the immune treatment was significantly shorter in the EFT group (P < 0.0001). The MGFA quantitative MG score (QMG) 8 at the time the condition was at its worst was not described for a large number of the patients in the non-EFT group (a deficit in 79 of 439 records; data not shown). Current severity (QMG) and score on the 15-item MG-Specific QOL Scale 12 Japanese version 5 (MG-QOL15-J) were modestly lower (P 5 0.04), with the rate of patients who had currently achieved MM-or-better-5mg for 6 months being higher (P < 0.001) in the EFT group. There was a significant correlation between the current MG-QOL15-J score and achieving MM-or-better5mg for 6 months (r 5 -0.52, P < 0.0001; not shown in Table 1 ).
Differences in Therapies Utilized. Table 2 shows the differences in the therapies between the EFT and non-EFT groups. Although there was no difference between the 2 groups for maximum dose during the disease course and current dose of oral PSL, in the non-EFT group there was a longer duration when taking PSL 20 mg (P < 0.0001) and for PSL 10-19 mg/day (P 5 0.02). The frequency of CNI use (P 5 0.001) was higher in the EFT patients. In addition, plasmapheresis, HMP, and IVIg were all performed more frequently within 6 months and within 1 year from starting the immune therapy and throughout the therapeutic course in the EFT group (P < 0.0001). These therapies were not employed in the non-EFT group, except when attempting to treat or avoid crisis.
Differences in Time Course Required to Achieve Treatment Target. Figure 2A shows Kaplan-Meier curves for the time to first achieve treatment target (MM-or-better-5mg for 6 months) in both the EFT and non-EFT groups. The treatment target was achieved more frequently and earlier in the EFT group (P 5 0.0004, Wilcoxon test; P 5 0.0001, log-rank test; Fig. 2A ). For univariate Cox regression, utilization of EFT to achieve the treatment target resulted in an HR of 1.61 (95% CI 1.27-2.04; P 5 0.0001). Furthermore, when adding the background factors that showed significant differences between the 2 groups (Table 1) to the multivariate Cox regression analysis as covariables simultaneously with the utilization of EFT, the HR and the 95% CI for each covariable were as follows: duration of the immune treatment (HR 0.97; 95% CI 0.95-0.99; P 5 0.008); MGFA classification (HR 0.84; 95% CI 0.72-0.98; P 5 0.02); bulbar symptoms (HR 0.71; 95% CI 0.54-0.93; P 5 0.01); and CNI use (HR 0.60; 95% CI 0.46-0.78; P 5 0.001), with use of EFT resulting in a significant change (P < 0.0001) in HR to 1.98 (95% CI 1.51-2.60). CNIs are effective in MG, 4, 13 and frequent use of CNIs in the EFT group may have promoted achievement of the treatment target. However, the beneficial effects of CNIs were not detected in the multivariate analysis, suggesting that the effects were not strong beyond the effects of EFT. Figure 2B shows the baseline cumulative hazard curves for both the EFT and non-EFT groups, excluding the effects of the covariables, as a function of time. Differences in Background and Therapies Utilized. Table 3 shows comparisons of characteristics and therapies utilized for the EFT-treated patients when combined with either the low-or high-dose PSL regimens. Symptoms at the time when conditions were at their worst (worst QMG) were more severe (P < 0.0001), the duration of immune treatment was longer (P < 0.0001), and the frequency of thymectomy was higher (P < 0.01) in the EFTtreated patients given the high-dose PSL regimen. Current severity (QMG), current MG-QOL15-J score, and percentage of patients who achieved MM-or-better-5mg for 6 months at the present time were not different between the 2 groups. Although the maximum dose of PSL during the disease course was much higher, and the duration of taking PSL at a dose of 20 mg was much longer in the high-dose PSL group (P < 0.0001), there was no difference between the 2 groups with regard to current dose of oral PSL and frequency of CNI use. In the low-dose PSL group, only 1 patient received 20 mg for 3 months. Although there were no differences between groups for frequencies of plasmapheresis and IVIg within 6 months from starting the immune therapy, the dose of HMP was lower in the high-dose PSL group (P < 0.0001).
Differences in Time Course Required to Achieve Treatment Target. Figure 3A shows the KaplanMeier curves for first achievement of the treatment target (MM-or-better-5mg for 6 months) in the EFT groups with the low-and high-dose PSL regimens. Achievement of the treatment target appeared to be more frequent and occur earlier in the low-dose PSL group (P 5 0.0003, Wilcoxon test; P 5 0.004, log-rank test; Fig. 3A ). For the univariate Cox regression analysis, utilization of the low-dose PSL regimen resulted in an HR of 1.81 (95% CI 1.19-2.74; P 5 0.005) when compared with the high-dose PSL regimen. However, when the background factors that showed significant differences between the 2 groups (Table 3) were added to a multivariate Cox regression analysis as covariables simultaneously with use of the low-dose PSL regimen, the HRs and 95% CIs for each of the covariables were as follows: duration of immune treatment (HR 0.99; 95% CI 0.94-1.04; P 5 0.68); thymectomy (HR 1.28; 95% CI 0.80-2.04; P 5 0.30); and worst QMG (HR 0.93; 95% CI 0.91-0.97; P 5 0.0001), with no significant change in HR when utilizing the low-dose PSL regimen (HR 1.34; 95% CI 0.80-2.29; P 5 0.25). Figure 3B shows the time courses for the baseline cumulative hazard curves for both the lowand high-dose PSL groups, excluding the effects of the covariables. Although the levels of the baseline cumulative hazard in the high-dose PSL group appeared to belatedly increase to the same level as that observed in the low-dose PSL group at 60 months after starting immune therapy, this change did not represent a significant difference.
DISCUSSION
Achieving a status of MM-or-better-5mg probably enables patients to live a normal lifestyle without having to deal with the complications of corticosteroids. 5, 6 Thus, the Japanese clinical guidelines for MG have recommended this as the first goal of treatment. 9 The efficacy of using EFT against MG to achieve an early return to a normal lifestyle was first reported in 2010.
11 These strategies have slowly and gradually become more common, with the procedures used in 36.1% (249 of 688) of the present immunotherapy-treated generalized patients. The rate of patients who have achieved MM-or-better-5mg in generalized MG has increased modestly from 37.4% in our previous survey in 2012 6 to 44.9% in this survey, which was conducted in 2015. However, further clarification is needed regarding whether utilization of EFT can actually promote early achievement of MM-orbetter-5mg, and whether the low-or high-dose regimen would be the best choice for oral steroid therapy when combined with EFT.
Kaplan-Meier analyses of these data show that EFT was predominantly superior to non-EFT for early achievement of MM-or-better-5mg for 6 months in generalized MG patients. Because this was a retrospective study, there may be limitations associated with interpretation of the results. However, to avoid selection bias, all subjects enrolled were consecutive subjects. Furthermore, after excluding the effects of differences in the backgrounds between the 2 groups through the use of a multivariate analysis, we showed that EFT exhibited a rather marked significance, with an approximate 2-fold change in the HR. Imai et al. also examined the combined use of plasmapheresis and/or IVIg, even in the absence of a crisis, and reported that it was positively associated with good outcomes in MG patients treated with oral steroids. 10 Therefore, it is probable that EFT can promote early achievement of MM-or-better-5mg for 6 months in generalized MG patients.
Plasmapheresis, IVIg, and HMP are fast-acting therapies and probably enabled the patients to return early to MM-or-better-5mg status; however, in general, plasmapheresis and IVIg are not considered treatments that can provide long-term benefits for MG patients. Thus, the maintenance of good status for >6 months was possibly enabled by HMP to a considerable extent. There is a belief that longer term immunosuppression using higher doses of oral steroids and other immunosuppressive agents is required for MG; however, in actuality, the rate of patients who achieve long-term remission is low, and achieving CSR is very rare, even today. [4] [5] [6] Therefore, an attempt initially to achieve early MM-or-better-5mg for some period (e.g., 6 months) through aggressive use of fastacting therapies may be more important for patients' good HRQOL, even if long-term stability of the status for years cannot be provided.
Although HMP is effective against generalized MG, 14,15 there can be a transient initial exacerbation, and therefore caution is required. 9, 14, 15 Measures that can be taken to reduce risk include: administering the drug after oral PSL 5-10 mg/ day with or without other immunosuppressive agents; reducing the dose to 500 mg; avoiding administration of the drug for consecutive days, and instead administering it once and then observing the patient for 2-5 days; and/or carrying out administration immediately after plasmapheresis. 9 Therefore, HMP therapies should be carried out by a doctor who has abundant experience with the treatment, or under the supervision of a doctor with such knowledge. 9 When HMP is performed as a first treatment for generalized MG without such measures or supervision, there is a risk of crisis, particularly in patients in MGFA Class III or higher, or in patients with bulbar symptoms. for 6 months plateaued at around 60% at 5 years into the treatment (Fig. 2A) . The Kaplan-Meier curve for the non-EFT group also gradually changed and reached an approximate plateau as a function of time ( Fig. 2A) . Although immunotherapy is probably more effective against MG in the earlier stages of disease, 10, 11, 13 the marked improvement observed during the first few years into treatment may lead to better long-term results.
We found that, when oral steroid therapies were combined with EFT, there was no difference in the time course to achieve MM-or-better-5mg for 6 months between the low-and the high-dose PSL groups, after excluding the effects of background differences. Imai et al. reported that good responses to early-stage treatment were associated with better outcomes as compared with use of a higher dose and longer treatment with steroids for MG. 10 Thus, it is possible that attempts to achieve early improvement in the illness through the use of a frequent fast-acting therapy set and dosing regimens of oral steroids (low-dose or high-dose) produced no difference in outcome among patients treated with EFT. Given that long-term use of oral steroids above a certain dose can lead to a number of problems that can negatively affect the HRQOL of patients, [5] [6] [7] 9 the use of oral steroids in EFT may be better when low-dose regimens are used.
One of the advantages of using EFT is that it can lead to early improvement and early achievement of MM-or-better-5mg. The disadvantages of EFT include both the labor and cost required when using this strategy, as well as potential complications. 11 However, these issues may be solved on their own over the course of a few years, as the number of fast-acting therapies required often decrease year by year. 11 Even when using this type of strategy, a considerable number of generalized MG patients cannot achieve the treatment target, as seen in Figure 2A , and as reported elsewhere. 11 Therefore, more effective therapies, such as molecular target drugs, are required for these patients.
In conclusion, in this analysis we have demonstrated that the advantages of EFT were early achievement of MM-or-better-5mg, which is the defined treatment target, thereby enabling patients to return to a normal lifestyle, without the complications of corticosteroids, at an early time-point. As the dosing regimens of oral steroids (low-or highdose) in EFT produced no difference in the time course required to achieve MM-or-better-5mg, it appears that oral steroids are best used at a lower dose in EFT. Although there are limitations to this study due to its retrospective nature and unblinded design, we have provided useful information that may be used for planning therapeutic strategies that can help ensure an acceptable HRQOL in MG patients.
